Dystonia is defined as an abnormal movement disorder characterized by sustained muscular contractions, frequently causing twisting and repetitive movements or abnormal postures [1] . Dystonia has a wide range of causes, but the treatment of dystonia has not been successful for its cause. Among the causes, the incidence of post-stroke dystonia is low, and lower limb dystonia accounts for a very small proportion of post-stroke dystonia cases especially [2] .
INTRODUCTION
www.e-arm.org success may depend on the precision of muscle selection [3] . Various techniques including dynamic polyelectromyography, positron emission tomography-computed tomography (PET-CT), etc., have been suggested as useful techniques to identify which particular muscles contribute to dystonia [4] . Among them, dynamic polyelectromyography has obvious advantages because it not only identifies the particular contributions of offending muscles and their severity during a dystonic attack [5] , but it also helps to determine the dosage of BTX-A. We reported a successful treatment experience in a rare poststroke dystonia patient with BTX-A and alcohol injection using dynamic polyelectromyography.
CASE REPORT
A 49-year-old woman presented with paroxysmal hypertonia and cramping pain in the right lower extremity which worsened at night for 2 months. She had suffered a right hemiplegia due to left middle cerebral artery infarction 5 months ago (Fig. 1) . Thereafter, she could climb up and down stairs.
After dystonia developed, she suffered from serious deterioration of activities of daily living, because the hip and knee were severely flexed. Then, she was transferred to the Department of Rehabilitation Medicine, Yonsei University Hospital. She scored 53 points on the Modified Barthel Index (MBI). On initial physical examination, her right hip and knee were flexed and her ankle was slightly plantar flexed, and a claw toe deformity was also seen. Table 1 .
She also complained of severe cramping pain with a visual analogue scale (VAS) score of 80. We administered clonazepam 0.5 mg and baclofen 30 mg per day for 3 weeks, but they were not effective. Therefore, we decided to administer BTX-A and alcohol injection. To identify the dystonic muscles precisely, dynamic electromyographic activities of several suspected muscles in the right lower limb were recorded using Medelec Synergy EMG system (Oxford Instruments, Oxford, UK) during dystonia attack. With a 10-channel mode, electromyographic activities of all suspected muscles were recorded simultaneously in the supine position (Fig. 2) . Disposable 50 mm, 26-gauge monopolar needle electrodes (Natus Neurology, Middleton, WI, USA) as recording electrodes were placed on the target muscles based on the Anatomical Guide for the Electromyographer by Perotto, and AgCl surface reference electrode was placed over proximal side 4 cm from the recording electrodes. We found that right iliopsoas, biceps femoris long head (BFLH), semitendinosus, tibialis anterior (TA), flexor digitorum brevis (FDB), gastrocnemius (GCM) demonstrated greater overactivity than the other muscles during dystonia attack (Fig. 3) . Based on these findings, total 400 IU of BTX-A (Botox; Allergan Inc., Irvine, CA, USA) were injected into the right iliopsoas (100 IU), BFLH (125 IU), semitendinosus (75 IU), TA (60 IU), and FDB (40 IU). The hypertonus of the right GCM was treated by motor point block using 50% alcohol. 
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One week later, the dystonia events were decreased significantly in terms of frequency and she had better postures (Figs. 4, 5) . She could stand independently, and her pain score was decreased from 80 to 10 on the VAS. In particular, sleep disturbance due to the dystonia event did not occur after injection. BFMDS score decreased from 16 points to 1 point and UDRS score also decreased from 32 points to 0.5 points. The passive ROM was also improved (Table 1) , 1 month after injection, the MBI score improved from 53 to 67. Especially, the score for ambulation increased from 0 to 3, and the score for transfer improved from 8 to 12 (Table 1) . Intensive ROM exercise and gait training were preformed after the injection for 1 month. She was able to walk independently indoors, and return home.
DISCUSSION
Dystonia is a neurological movement disorder, in which sustained muscle contractions cause twisting and repetitive movements or abnormal postures [1] . To manage dystonia, many therapeutic approaches such as medication and deep brain stimulation have been introduced. Recently, chemical neurolysis using BTX has become popular for dealing with dystonic symptoms [6] . Especially, in some focal dystonic diseases such as blepharospasm and cervical dystonia, BTX injection is known to A B www.e-arm.org be the most effective and safe treatment strategy [7] . Unfortunately, the gold standard for treatment of lower limb focal dystonia has not been established [8] . BTX injection was considered in this case because dystonia only involved the right leg and treatment with clonazepam and baclofen was ineffective.
Many researchers have shown that the most important determinant of a favorable response to BTX was a proper selection of the involved muscles [8] . Clinical observation is a common means to identify dystonic muscles at the pre-evaluation stage for BTX injection [4] . But it is difficult to apply it in some patients with severe hypertonia and to distinguish dystonic muscles from the contracture [9] , and many muscles were clinically suspected to be dystonic muscles even though the same dystonic postures were observed because different combinations of muscle activation can lead to similar postural abnormalities [4] . This is in line with several studies, in which polymyographic electromyography revealed a different pattern of muscle involvement compared to that found during clinical evaluation [4] . Therefore, it was not easy to precisely identify dystonic muscles through clinical observation in this case. Also, a large amount of BTX over the maximal safe dose should not be injected according to clinical observation. Hence, some other methods to identify dystonic muscles precisely have been attempted in order to optimize the treatment response to BTX.
Polyelectromyography, PET-CT, and frequency analysis in electromyographic evaluation have been tried [4] . Comella et al. [10] reported that a significantly greater improvement was observed in the group using polyelectromyography compared to the group with clinical evaluation for selecting the dystonic muscles in a randomized controlled study of patients with cervical dystonia.
In this case, we thought that dynamic polyelectromyography may be more suitable than PET-CT. PET-CT is very expensive, radiation exposure is common, and the patient will not be able to tolerate the long scan time of the PET-CT machine. But dynamic polyelectromyography was useful for evaluating muscle activity over a relatively shorter time and it was easy to compare the muscles with clinical observation of movement simultaneously.
In the future, a more specific guideline for selection of dystonic muscles is required through further research.
